[bookmark: _GoBack]SECTION 23 00 01 - HEATING, VENTILATING AND AIR CONDITIONING


PART 1:         GENERAL

1‑01		GENERAL MECHANICAL PROVISIONS:

	A.	The General Mechanical Provisions, Section 23 00 00, shall form a part of this Section with the same force and effect as though repeated here.

1‑02		SCOPE:

	A.	Included: Provide all labor, materials and services necessary for complete, lawful and operating systems as shown or noted on the drawings or as specified here. The work includes, but is not necessarily limited to, the following:

		1.	All equipment shall be shown or noted on the drawings. Furnish motor starters. Coordinate with Division 26.

		2.	Air distribution system.

		3.	Refrigeration system.

		4.	System energy balance.

		5.	Temperature controls.

		6.	Provide all demolition as required. Where demolition is called for, remove all equipment, piping, ductwork, braces, supports, housekeeping pads, temperature controls and related items no longer required. 

	B.	Work Specified Elsewhere:

		1.	Line voltage power wiring, motor starters in motor control centers, disconnect switches and installation of all starters are included in Division 26, unless otherwise noted.

PART 2:         PRODUCTS

2‑01		PIPING MATERIALS:

	A.	Hot, Chilled or Chilled/Hot Water Piping: Materials used to cap existing piping shall match existing.

[bookmark: OLE_LINK1]	B.	Refrigerant Piping: Hard drawn Type ACR copper, dried and capped. Wrought copper fittings, silver alloy brazed, 1100ºF, Silfos. Size 3/8" and smaller may be refrigerant tube, ASTM B280.

	C.	Miscellaneous Piping Items:

		1.	Pipe Support:

			a.	Pipe Hanger: Steel "J" hanger with side bolt for piping 4" and smaller; steel clevis hanger for piping 5" and larger. Load and jam nuts. Size and maximum load per manufacturer's recommendations. Felt liner for copper piping. Hanger and rod shall have galvanized finish. B‑Line, Anvil, Unistrut.

			b.	Isolating Shield: Galvanized steel shell and reinforcing ribs. 1/4" non-conducting hair felt pad. Pipe hanger in accordance with paragraph above. Increase hanger size per manufacturer's recommendation. B-Line, Semco.

			c.	Construction Channel: 12‑gage, 1‑5/8" x 1‑5/8" galvanized steel channel. Single or multiple section. Self‑locking nuts and fittings. B‑Line, Anvil, Unistrut. 

		2.	Flashing: Flashing for piping through roof shall be prefabricated galvanized steel roof jacks with 16" square flange around pipe. Provide clamp-on storm collar and seal water tight with mastic. Maintain dielectric separation between copper and galvanized materials. For cold process built-up roof, material shall be 4 lb/ft2 lead instead of galvanized steel. For single-ply roofing, use the roofing manufacturer’s recommended flashing material.

2‑02		PIPING INSULATION MATERIALS:

	A.	General: All piping insulation materials shall have fire and smoke hazard ratings as tested under ASTM E‑84 and UL 723 not exceeding a flame spread of 25 and smoke developed of 50.

	B.	PVC Jacket (for pipe, fittings and valves): Pre‑molded polyvinyl chloride (PVC) jackets, 0.020" thickness. Size to match application. Provide solvent weld adhesive and PVC vapor barrier pressure sealing tape by same manufacturer. Zeston.

	C.	Aluminum Jacketing: Aluminum pipe and fitting jacketing, 0.016" thickness for straight pipe. 0.024" thickness for fittings. Integral moisture barrier. Stucco-Embossed finish. Provide pre‑fabricated aluminum strapping and seals by same manufacturer. ITW or RPR.

	D.	Metal Jacketing Sealant: Childers CP-76, Foster 95-44.

	E.	Foamed Plastic: Rubber based elastomeric preformed pipe insulation. Thermal conductivity shall not exceed 0.27 Btu‑in/hr‑ft2‑ºF at a mean temperature of 70ºF. 1/2" thick. Provide adhesive by same manufacturer. Armacell Armaflex.

2‑03		DUCTWORK MATERIALS:

	A.	General: All ductwork materials shall have fire and smoke hazard ratings as tested under ASTM E‑84 and UL 723 not exceeding a flame spread of 25 and smoke developed of 50. Shall comply with 2016 CMC.

	B.	Metal Ductwork: Metal ductwork shall be galvanized sheet steel, lock forming quality, ASTM A‑653, with gage and construction to match SMACNA Standard for pressure required (26 gage minimum).

	C.	Duct Sealants: All Joints Exposed to Weather: Sealant shall be water based, Foster 32-19/32-17, Childers CP-146/148, United Duct Sealer WB or G.E. “SilPruf” SCS2000 silicone sealant. Joints Not Exposed to Weather: Fiber reinforced. White in color. Foster 32-17, Childers CP-148, Design Polymerics DP1030, Hardcast Versa-Grip 181, Hardcast CCWI-181.

2‑04		AIR TERMINALS AND DUCT FITTINGS:

	A.	Branch Duct Volume Damper: Volume control damper (VCD) in rectangular ducts shall be as follows: Opposed blade, 6" maximum blade width, 16‑gage blade, 48" maximum length, nylon or oil impregnated bronze bearings, 1/2" diameter pin shaft, 16‑gage channel frame, actuating rod and linkage out of air stream. VCD in round duct shall be as follows: Damper blade full height of branch and 1" less than branch width. All branch dampers shall have regulator with stamped steel handle, spring loaded shaft nut, cast body and serrated self‑locking die cast core. Regulator for horizontal ducts overhead shall be mounted on sides or bottom of ducts. Secure a 12" length of brightly colored plastic ribbon to handle for ease of location. Where rectangular or round ductwork is insulated, slit insulation to allow handle to protrude. Ventlok 641 (with 607 end bearing for round ducts).

	C.	Turning Vanes: Double wall, hollow metal, air foil shape. Spacing in accordance with manufacturer's recommendations. Aero Dyne HEP.

	D.	Flexible Connection: UL listed neoprene coated 30 ounce fiberglass cloth. 3" metal, 3" fabric, 3" metal. Ventglas.

2‑05		DUCTWORK INSULATION MATERIALS:

	A.	General: All ductwork insulation materials shall have fire and smoke hazard ratings as tested under ASTM E‑84 and UL 723 not exceeding a flame spread of 25 and smoke developed of 50.

	B.	Fiberglass Blanket: Installed thermal resistance at a mean temperature of 75ºF shall meet or exceed indicated value. 3/4 lb/ft3 or 1 lb/ft3, R-6 where ductwork is within the building thermal insulation envelope. 3/4 lb/ft3 R-8 where ductwork is outside the building thermal insulation envelope and/or above the roof. Faced with glass reinforced foil laminated to Kraft paper. Certainteed, Knauf, Johns-Manville, Owens‑Corning.

	C.	Acoustic Lining: Glass fiber. Installed thermal resistance at a mean temperature of 75ºF shall meet or exceed indicated value. One side coated to prevent fiber erosion up to 6000 ft/min. Average noise reduction coefficient of 0.80. 1.5 lb/ft3 density. 1" thick (R-4.2) where ductwork is within the building thermal insulation envelope. 2" thick (R-8) where ductwork is outside the building thermal insulation envelope and/or above the roof. Certainteed, Knauf, Johns-Manville, Owens‑Corning.

	D.	Bonding Adhesive: Design Polymerics DP2501, Foster 85‑60..

PART 3:         EXECUTION

3‑01		PIPING INSTALLATION:

	A.	General:

		1.	Piping Layout: Piping shall be concealed in walls, above the ceilings, or below grade unless otherwise noted. Exposed piping shall run parallel to room surfaces; location to be approved by Owner’s Representative. No structural member shall be weakened by cutting, notching, boring or otherwise, unless specifically allowed by structural drawings and/or specifications. Where such cutting is required, reinforcement shall be provided as specified or detailed. All piping shall be installed in a manner to ensure unrestricted flow, eliminate air pockets, prevent any unusual noise, and permit complete drainage of the system. All piping shall be installed to permit expansion and contraction without strain on piping or equipment. Vertical lines shall be installed to allow for building settlement without damage to piping. Lines shall be adequately braced against vertical and lateral movement. Pipe sizes indicated on the drawings are nominal sizes unless otherwise noted. Pipe sizes shall not decrease in direction of flow, unless otherwise noted.

		2.	Joints:

			a.	Threaded: Pipe shall be cut square, and reamed to full size. Threads shall be in accordance with ANSI B2.1. Joint compound or tape suitable for conveyed fluid shall be applied to male thread only. Joints shall be made with three threads exposed.

			b.	Brazed: Filler rod shall be of suitable or the same alloy as pipe. Brazing filler metal shall have a minimum melting point of 1100ºF. Brazing shall be performed by a Certified Brazer as certified by an organization/institution that uses standards recognized by the American Welding Society (AWS) and meets the requirements of the ASME Boiler and Pressure Vessels Code, Section 9.

			c.	Open Ends: Open ends of piping shall be capped during progress of work to preclude foreign matter.

		3.	Fittings and Valves:

			a.	Standard Fittings: All joints and changes in direction shall be made with standard fittings. Close nipples shall not be used.

			b.	Reducers: Pipe size reduction shall be made with bell reducer fittings (eccentric bell for steam service). Bushings shall not be used.

		4.	Pipe Support:

			a.	General: Hangers shall be placed to support piping without strain on joints or fittings. Maximum spacing between supports shall be as specified below (based on straight lengths of pipe with couplings only). Provide additional supports for equipment, valves or other fittings. Seismic requirements may reduce maximum spacing. Actual spacing requirements will depend on structural system. Side beam clamps shall be provided with retaining straps to secure the clamp to the opposite side of the beam. Vertical piping shall be supported with riser clamp at 20' on center (maximum). Support pipe within 12" of all changes in direction.

				

			b.	Refrigerant Piping: Support insulated refrigerant line with construction channel and sheet metal support saddle or Cooper B-Line Armafix clamps. 5' spacing. Use isolation shield for uninsulated pipe. When using pre‑charged tubing, all changes of direction shall be made with bending tools producing neat uniform bends. Free hand bends will not be accepted.

			c.	Trapeze: Trapeze hangers of construction channel and pipe clamps may be used. Submit design to Owner’s Representative for review.

		5.	Miscellaneous:

			a.	Escutcheons: Provide chrome plated escutcheons where piping penetrates walls, ceilings, or floors in finished areas.

			b.	Pipe Sleeves: All piping passing through concrete or concrete block shall be provided with pipe sleeves. Allow 1" (nominal) clearance between sleeve and pipe or pipe insulation. 

			c.	Pipes Passing through Fire Rated Surfaces: Pipes passing through fire rated walls, floors, ceilings, partitions, etc. shall have the annular space surrounding the pipe or pipe insulation sealed with fire rated materials in accordance with the requirements of 2016 CBC Section 714.

	B.	Refrigerant Piping: Pipe shall be cut square. Joint surfaces shall be thoroughly cleaned, fitted and erected before brazing. After installation, evacuate to 29 inches of mercury, ambient temperature during evacuation shall not be less than 70ºF. After evacuation, fill with dry nitrogen to 250 psi and maintain for two‑hour period without additional charge. After nitrogen test, purge with refrigerant charged through dryer and maintain holding charge in system and equipment. Refrigerant piping below grade shall be run in 4" (min.) PVC conduit with long radius ells. Seal ends of conduit watertight.

3‑02		PIPING INSULATION INSTALLATION:

	A.	Refrigerant Piping: Cover suction piping with foamed plastic insulation. Longitudinal and end seams shall be thoroughly cemented with adhesive in accordance with manufacturer's recommendations. Cover all fittings, unions, valves and connections. Piping exposed to view shall be covered with PVC jacketing. Piping exposed to weather shall be covered with aluminum jacketing, install all joints and seams to prevent water entry, seal with 1/8” bead of gray metal jacketing sealant.

3‑03		DUCTWORK INSTALLATION:

	A.	General:

		1.	Standards: Unless otherwise noted, all ductwork shall be constructed and installed in accordance with current SMACNA Standards. Ductwork shall be built to a pressure classification equal to or greater than the maximum operating pressure at that point in the ductwork. A copy of these standards shall be maintained at the job site at all times. Duct work and accessories shall be installed in a manner to prevent vibration and rattling.

		2.	Access: Provide duct access doors as required to adjust equipment and dampers. Provide wall or ceiling access panels, or remote actuators as required where equipment and dampers are not otherwise accessible. Ventlok 666 concealed remote actuator with zinc finish on cover.

		3.	Flexible Connections: Connection of ductwork to any vibrating equipment shall be with 3" (min.) flexible connection. Install with ample slack and uniform gap. There shall be no metal to metal contact across flexible connection. Flexible connections exposed to weather shall have a protective sheet metal cover.

		4.	Flanges and Escutcheon: Where ductwork penetrates walls, ceilings, or floors, furnish and install flange or escutcheon of same material as duct.

	B.	Low Velocity‑Low Pressure (up to 2,000 ft/min and up to 2.0 in water):

		1.	Sheet Metal Ductwork:

			a.	Ells: Ells with less than standard radius and square ells shall be fitted with turning vanes.

			b.	Tees: Tees in supply ductwork shall be straight tap‑in with extractor or 45 degree take‑off as shown on drawings. Grilles or branches in supply ductwork shall be a minimum of 8 duct diameters downstream of tees.

			c.	Duct Joints and Seams: All joints and seams which are not exposed to weather shall be sealed airtight with duct sealant. All joints and seams exposed to weather shall be sealed air and water tight with silicone sealant. (See Part 2 of this Specification). All joints on spiral wound metal ductwork not exposed to weather shall be sealed air tight with grey duct sealant.

			d.	Dampers: Install volume control damper and damper regulator in all branch ducts.

		2.	Flexible Glass Fiber Ductwork: The use of flexible duct is limited to the last 5 feet of each branch duct (i.e. one 5 foot section of flexible duct may be used to connect the grille to the sheet metal branch duct). No joints are permitted in this 5' length. Hangers shall be 4" wide metal straps spaced to prevent sagging, 42" spacing maximum. Insert 6" wide fiberglass pad between duct and hanging strap. Joints shall be installed with stainless steel or nylon draw bands, Duro Dyne Dyn-O-Tie. Minimum turn radius shall be in accordance with SMACNA Standards (turn radius of duct centerline not less than 1.5 times the duct diameter).

3‑04		AIR TERMINALS AND DUCT FITTINGS INSTALLATION:

	A.	General: Unless otherwise noted, all air terminals and duct fittings shall be installed in accordance with current SMACNA Standards. Terminals and fittings shall be installed in a manner to prevent vibration and rattling. Metal surfaces exposed to view behind grilles and registers shall be painted flat black.

3‑05		DUCTWORK INSULATION INSTALLATION:

	A.	General: Insulate all sheet metal supply, return and outside air intake ductwork except as noted below. Insulation shall be continuous through walls and floors except at fire dampers.

	B.	Where Insulation Is Not Required: Do not insulate factory‑insulated ducts or casings, acoustic lined ducts, fibrous glass ducts, underground ductwork, supply or return ductwork exposed to view in the space that it serves, or exhaust ductwork.

	C.	Concealed Ductwork: Wrap concealed ductwork including outside air intakes with fiberglass blanket lapped 2" minimum. Secure with staples 4" on centers maximum on straight runs and 3" maximum at elbows and fittings. Insulation on bottom of ducts wider than 36" shall also be secured with mechanical fasteners at 24" on center.

	D.	Acoustic Lining: Unless otherwise indicated, all supply and return ductwork in equipment rooms, all ductwork exposed to weather and other ducts as indicated on drawings, shall have acoustic lining. Do not acoustic line outside air intakes. Where acoustic lining is installed, increase each sheet metal dimension to accommodate lining and maintain clear inside duct dimensions shown on drawings. Apply lining with bonding adhesive in accordance with manufacturer's recommendations and also secure with mechanical fasteners in accordance with SMACNA Standards. Seal exposed edges of lining with bonding adhesive.

3‑06		EQUIPMENT INSTALLATION:

	A.	General: It shall be the responsibility of the equipment installer to ensure that no work done under other specification sections shall in any way block or otherwise hinder the equipment. All equipment shall be securely anchored in place. All equipment shall be installed level.

	B.	Connections to Equipment: Where size changes are required for connections to equipment, they shall be made immediately adjacent to the equipment and, if possible, inside the equipment cabinet.

3‑07		TESTS AND ADJUSTMENTS:

	A.	General: Unless otherwise directed, tests shall be witnessed by a representative of the Owner’s Representative. Work to be concealed shall not be enclosed until prescribed tests are made. Should any work be enclosed before such tests, the Contractor shall, at his expense, uncover, test and repair all work to original conditions. Leaks and defects shown by tests shall be repaired and entire work retested.

3‑08		SYSTEM ENERGY BALANCE:

	A.	Scope: Provide the services of an independent test and balance agency to test, adjust and balance, retest and record performance of the system to obtain design quantities as specified. The agency must prove that they have no affiliation with any equipment manufacturer, design engineer, installing subcontractor, or any other party which might lead to a conflict of interest, in order to provide an unbiased, third party system balance and report.

	B.	Qualifications: Prior to commencing work, the agency shall be reviewed by the Owner’s Representative and shall be certified by the Associated Air Balance Council, National Environmental Balancing Bureau or Testing, Adjusting and Balancing Bureau. The agency shall provide documentation of having successfully completed at least five projects of similar size and scope.

	C.	Instruments: All instruments shall be accurately calibrated; calibration histories shall be available for examination. Application of instrumentation shall be in accordance with AABC, NEBB or TABB standards.

	D.	Submittals: Include in shop drawings copies of forms to be used for testing and balancing showing all data which is to be recorded. Seven copies of completed balance report shall be submitted to and reviewed by the Owner’s Representative prior to the final mechanical construction review.

	E.	Procedure ‑ General: Procedure shall be in accordance with Associated Air Balance Council's "National Standards for Field Measurements and Instrumentation ‑ Total System Balance", Volume Two, No. 12173, or equivalent NEBB or TABB standards. System shall be in full, continuous operation during test. Balanced quantities shall be plus 10%, minus 0% of design quantities. All nameplate data, manufacturer, model and serial numbers shall be recorded for each item tested.

	F.	Extended Warranty: The test and balance agency shall include an extended warranty of 90 days after completion of test and balance work, during which time the Owner’s Representative, at his discretion, may request a recheck or resetting of any item or items in test report. The agency shall provide technicians to assist the Owner’s Representative in making any tests he may require during this period of time.

	G.	Air Balance Procedure (For Each Air Handling System):

		1.	All air filters shall be clean when air balance is performed.

		2.	Provide a sketch of the equipment showing exactly where all pressure readings were taken.

		3.	Adjust blower RPM to design requirements.

		4.	Record motor full load amperes.

		5.	Make pitot tube traverse of main supply and return ducts and obtain design CFM at fans.

		6.	Record system static pressures, inlet and discharge.

		7.	Record filter quantity, size(s) and pressure drop across filter(s) at each filter bank.

		8.	Adjust system for design CFM recirculated air.

		9.	Adjust system for design CFM outside air.

		10.	Record entering air temperatures. (DB heating, DB and WB cooling.)

		11.	Record leaving air temperatures. (DB heating, DB and WB cooling.)

		12.	Adjust all main supply and return air ducts to design CFM.

		13.	Adjust all zones to design CFM, supply and return.

		14.	Adjust all diffusers, grilles and registers to plus 10%, minus 0% of design requirements.

		15.	Adjust CFM at all exhaust fans, make‑up units, etc. (high and low speed, where applicable). Record applicable data from items 1 through 11 above.

		16.	Each grille, diffuser and register shall be identified as to location.

		17.	Verify proper diffusion pattern for all ceiling grilles and that all sidewall grilles are set for 5 degrees upward deflection unless otherwise noted. Make a notation of any that are not set properly.

		18.	Size, type and manufacturer of diffusers, grilles, registers and all tested items shall be identified and listed. Manufacturer's ratings shall be used to make required calculations on all items.

		19.	Readings and tests of diffusers, grilles, and registers shall include required FPM velocity and test resultant velocity, required CFM and test resultant CFM after adjustments.

		20.	In cooperation with the control manufacturer's representative, set adjustments of automatically operated dampers to operate as specified. Testing agency shall check all controls for proper calibrations and list all controls requiring adjustment by control installers.

		21.	All diffusers, grilles and registers shall be adjusted for required air patterns and to minimize drafts.

		22.	As a part of the work of this contract, THE AIR CONDITIONING CONTRACTOR shall make any changes in pulleys, belts and dampers or the addition of dampers required for correct balance as recommended by air balance agency, at no additional cost to Owner.

		23.	Set, test and adjust packaged heating/cooling unit economizer operation in cooperation with controls contractor. Record minimum and maximum outside and exhaust airflows.

3‑09		TEMPERATURE CONTROL SYSTEM:

	A.	Scope: The control system shall include control panels, control devices, line and low voltage control and interlock wiring, conduit and related equipment as required for proper operation of all controlled systems. Control and interlock wiring includes wiring to controllers, switches, timers, relays, etc. Power wiring and disconnect switches are included in the Electrical Specifications except that power wiring required for control devices such as thermostats, etc., shall be included in the control system.

	B.	Installation: All electrical work shall be in accordance with the California Electrical Code and the Electrical Specification Sections. Wiring shall be concealed in walls, above the ceilings, or below grade unless otherwise noted. Exposed wiring shall run parallel to room surfaces; location shall be approved by the Owner’s Representative. No structural member shall be weakened by cutting, notching, boring or otherwise. Provide a 120 volt circuit for each device requiring external power. Dedicated circuits shall be provided where required. Any devices or wiring exposed to the weather shall be protected in weatherproof enclosures such as NEMA 3R and weatherproof conduit. Set, test and adjust the system for proper operation.
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